Introduction {#H1-1-ZOI190021}
============

Alzheimer disease (AD) is the most prevalent cause of dementia. It is characterized by an insidious deterioration of cognitive functions and motor skills, with distinctive behavioral and psychological manifestations.^[@zoi190021r1]^ Recent estimates suggest that 5.7 million people in the United States currently have AD,^[@zoi190021r2]^ and as the population ages, the prevalence of AD will drastically increase.^[@zoi190021r3]^

There are 4 antidementia drugs approved by the US Food and Drug Administration to treat AD, including 3 acetylcholinesterase inhibitors (AChEIs)---donepezil hydrochloride, rivastigmine tartrate, and galantamine hydrobromide---and the *N*-methyl-[d]{.smallcaps}-aspartic receptor antagonist memantine hydrochloride.^[@zoi190021r2]^ Rivastigmine and galantamine were approved for mild to moderate AD, donepezil for all stages of AD, and memantine for moderate to severe AD.^[@zoi190021r4],[@zoi190021r5],[@zoi190021r6],[@zoi190021r7],[@zoi190021r8],[@zoi190021r9]^ In addition, combination therapy with an AChEI and memantine was approved for moderate to severe AD, based on evidence from randomized clinical trials showing modestly superior cognitive, behavioral, and psychological performance with combination therapy with donepezil and memantine compared with donepezil alone.^[@zoi190021r10],[@zoi190021r11],[@zoi190021r12],[@zoi190021r13],[@zoi190021r14],[@zoi190021r15],[@zoi190021r16]^

All 4 antidementia drugs have been associated with an increased incidence of adverse cardiovascular events.^[@zoi190021r17]^ Specifically, AChEIs have been associated with an increased risk of bradycardia^[@zoi190021r18],[@zoi190021r19],[@zoi190021r20],[@zoi190021r21]^ and syncope^[@zoi190021r8],[@zoi190021r22]^ but also with QT interval prolongation, ventricular tachycardia, and atrioventricular block.^[@zoi190021r23],[@zoi190021r24],[@zoi190021r25],[@zoi190021r26]^ In addition, memantine has been associated with an increased risk of acute myocardial infarction (AMI),^[@zoi190021r27]^ among other adverse cardiovascular events.^[@zoi190021r28]^ Despite the severity of some of these events, only 1 study has compared their incidence across the 4 different antidementia monotherapies. Using data from a Danish registry, Fosbøl et al^[@zoi190021r27]^ found that all 3 AChEIs were comparable but that memantine was associated with an increased risk of AMI. However, the results from this study were strongly affected by selection bias because patients in the memantine group were considerably sicker than those receiving AChEIs.^[@zoi190021r17]^ To our knowledge, no study has evaluated whether combination therapy with AChEIs and memantine is associated with a higher risk of adverse cardiovascular events relative to monotherapy.

In this study, we used 2006-2014 claims data from Medicare Part D beneficiaries with a new diagnosis of AD and compared time to skilled nursing facility (SNF) admission and time to cardiovascular events with AChEI monotherapy, memantine monotherapy, and combination therapy with an AChEI and memantine. We further compared the incidence of these outcomes across 5 treatment groups defined on the basis of the antidementia treatment that patients initiated (donepezil monotherapy, rivastigmine monotherapy, galantamine monotherapy, memantine monotherapy, or combination therapy with an AChEI and memantine).

Methods {#H1-2-ZOI190021}
=======

Data Source and Study Population {#H2-1-ZOI190021}
--------------------------------

We obtained medical and pharmacy claims data from January 1, 2006, to December 31, 2014, for a 5% random sample of Medicare beneficiaries from the Centers for Medicare & Medicaid Services (CMS). First, we identified all patients with a new diagnosis of AD between January 1, 2007, and December 31, 2013 (N = 173 911) ([Figure 1](#zoi190021f1){ref-type="fig"}). We used the CMS Chronic Conditions Data Warehouse definition of AD, which defines AD as having at least 1 claim with *International Classification of Diseases, Ninth Revision* (*ICD-9*) code 331.0.^[@zoi190021r29]^ Second, we collected the prescriptions filled for antidementia drugs, including AChEIs (donepezil, rivastigmine, and galantamine) and memantine between the day of the first AD diagnosis and the end of the study period. The day of the first prescription filled for an antidementia drug was defined as the day of therapy initiation. We excluded patients who did not fill prescriptions for any of the antidementia medications mentioned (n = 100 307) or who filled prescriptions for 2 different AChEIs on the day of therapy initiation (n = 129). Third, using prescription fill dates and days of supply, we calculated the number of days that a patient had a concurrent supply of an AChEI and memantine in the first 60 days after therapy initiation. Then, we categorized our study sample in the following 2 groups: monotherapy, which included patients who had less than 14 days with concurrent AChEI and memantine use in the first 60 days after therapy initiation, and combination therapy, which included those with 14 or more days with an overlapping supply of both medication classes in this time window.^[@zoi190021r30]^ We further divided the monotherapy group on the basis of the specific antidementia drug initiated. For the monotherapy treatment groups, the index date was defined as the date of the first prescription for an antidementia drug (therapy initiation date); for the combination therapy treatment group, the index date was defined as the first day with an overlapping supply of AChEIs and memantine. All patients were followed up from the index date until the first of the following events: switch to a treatment group different from the original, discontinuation of treatment (defined as not having a treatment supply for ≥60 days), death, or the end of the study period. Specifically, patients in monotherapy treatment groups (AChEI or memantine monotherapy) were censored when they filled a prescription for an antidementia agent other than the one originally initiated (switch to other monotherapy group or to combination therapy) or when they had 60 days without a treatment supply (discontinuation). Patients in the combination therapy group were censored when they had a gap greater than 60 days without concurrent use of an AChEI and memantine (this would represent complete discontinuation of the combination therapy or a switch to a monotherapy treatment group). This study followed the Strengthening the Reporting of Observational Studies in Epidemiology ([STROBE](http://www.equator-network.org/reporting-guidelines/strobe/)) reporting guideline for cohort studies.^[@zoi190021r31]^ This study was approved by the Institutional Review Board at the University of Pittsburgh as exempt owing to the use of unidentifiable data.

![Selection of the Study Sample\
In selecting the study sample, Medicare Part D beneficiaries who had a new diagnosis of Alzheimer disease (AD) between 2007 and 2013 and had filled at least 1 prescription for an antidementia drug after diagnosis of AD were identified. Those who filled prescriptions for 2 different acetylcholinesterase inhibitors (AChEIs) on the day of therapy initiation were excluded.](jamanetwopen-2-e190213-g001){#zoi190021f1}

Outcomes {#H2-2-ZOI190021}
--------

Our primary outcomes were time to SNF admission and time to occurrence of any adverse cardiovascular event, which was defined as the composite measure of 1 of the following: AMI (*ICD-9* code 410), bradycardia (*ICD-9* code 427.89), syncope (*ICD-9* code 780.2), atrioventricular block (*ICD-9* code 426.0), QT interval prolongation (*ICD-9* code 426.82), and ventricular tachycardia (*ICD-9* code 427.1). All of these cardiovascular events had been previously described as potential adverse cardiovascular events of antidementia medications.^[@zoi190021r8],[@zoi190021r17],[@zoi190021r18],[@zoi190021r19],[@zoi190021r20],[@zoi190021r21],[@zoi190021r22],[@zoi190021r23],[@zoi190021r24],[@zoi190021r25],[@zoi190021r26],[@zoi190021r27],[@zoi190021r28]^ Secondary outcomes included the occurrence of AMI, bradycardia, syncope, atrioventricular block, QT interval prolongation, or ventricular tachycardia. Time to SNF admission was defined using the short stay/long stay/SNF variable captured in the Medicare Provider Analysis and Review data file. To define cardiovascular outcomes, we collected all inpatient and outpatient claims during the follow-up period with the *ICD-9* codes already specified.

Covariates {#H2-3-ZOI190021}
----------

Baseline characteristics included demographic characteristics, clinical characteristics, and a history of SNF admission in the year before the index date. The demographic characteristics included age, sex, race/ethnicity, and eligibility for Medicare coverage due to disability. The clinical characteristics included a history of AMI, bradycardia, syncope, atrioventricular block, QT interval prolongation, and ventricular tachycardia before the index date and each of the 25 CMS priority conditions (all 27 CMS priority conditions except for AD and AD or other dementia).^[@zoi190021r29]^ In defining a history of any of the cardiovascular events of interest, we used the *ICD-9* codes specified in the year before the index date; in defining CMS priority conditions, we used the CMS Chronic Condition Data Warehouse indicators that trace back the first diagnosis of these conditions to 1999.^[@zoi190021r29]^

Statistical Analysis {#H2-4-ZOI190021}
--------------------

Statistical analysis was conducted from February 15, 2018, to June 15, 2018. We compared baseline patient characteristics across treatment groups using analysis of variance for continuous variables and the χ^2^ test for categorical variables. We constructed Kaplan-Meier curves to estimate the unadjusted incidence rates of the primary outcomes at 1, 2, and 3 years of follow-up. To further compare how outcomes differed across treatment groups, while controlling for differences in patient characteristics, we used Cox proportional hazards regression models adjusted for all the covariates listed. Specifically, we first constructed Cox proportional hazards regression models to compare outcomes across the AChEI monotherapy, memantine monotherapy, and combination therapy groups. In doing so, Cox proportional hazards regression models included indicator variables for memantine monotherapy and combination therapy (AChEI monotherapy was the omitted reference group). Then, head-to-head comparisons between the different treatment groups were calculated as the ratios of 2 hazard ratios. To mitigate the increased chance of type I error associated with the performance of pairwise comparisons, we used the Bonferroni correction and set the level of individual significance at *P* \< .016 (0.05/3). We further compared the outcomes across 5 treatment groups defined on the basis of the antidementia drug initiated (donepezil monotherapy, rivastigmine monotherapy, galantamine monotherapy, memantine monotherapy, or combination therapy). In doing so, we followed the same method, but the level of individual significance was set at *P* \< .005 (0.05/10) because of the 10 possible pairwise comparisons between treatment groups. For all time-to-event analyses, time 0 was the index date, and the time at risk was censored at the switch of treatment groups, the discontinuation of treatment, death, or the end of the study period. All analyses were conducted with SAS, version 9.4 (SAS Institute Inc).

Results {#H1-3-ZOI190021}
=======

Patient Characteristics {#H2-5-ZOI190021}
-----------------------

Our study population included 73 475 participants (53 068 women and 20 407 men; mean \[SD\] age, 81.8 \[8.3\] years) ([Table 1](#zoi190021t1){ref-type="table"}).^[@zoi190021r29]^ The sample included 36 463 participants (49.6%) who initiated monotherapy with donepezil, 6950 (9.5%) who initiated monotherapy with rivastigmine, 1011 (1.4%) who initiated monotherapy with galantamine, 11 809 (16.1%) who initiated monotherapy with memantine, and 17 242 (23.5%) who initiated AChEI and memantine combination therapy. The baseline age was the highest for the memantine monotherapy treatment group (mean \[SD\], 82.3 \[8.3\] years) and lowest for the combination therapy group (mean \[SD\], 81.4 \[8.2\] years). The galantamine group had the highest proportion of men (35.1%), whereas the donepezil group had the lowest (27.0%). The donepezil group had the most racially diverse composition, with 81.0% of patients identified as white, whereas the galantamine group had the least racially diverse composition, with 87.4% of patients identified as white. The galantamine treatment group had the lowest proportion of patients admitted to an SNF in the year before the index date (20.3%), as well as the lowest incidence of cardiovascular events (such as history of atrioventricular block \[0.6%\], AMI \[2.3%\], QT interval prolongation \[0%\], or syncope \[10.3%\]) in the year before the index date. The mean (SD) follow-up period was 1.26 (1.31) years for patients receiving AChEI monotherapy (1.29 \[1.33\] years for donepezil, 1.11 \[1.22\] years for rivastigmine, and 1.30 \[1.22\] years for galantamine), 1.21 (1.29) years for the memantine monotherapy group, and 1.54 (1.44) years for the combination therapy group.

###### Baseline Characteristics of Patients by Treatment Group

  Variable                                                                              Patients, No. (%)   *P* Value[^a^](#zoi190021t1n1){ref-type="table-fn"}                                                            
  ------------------------------------------------------------------------------------- ------------------- ----------------------------------------------------- ------------ ------------- ------------- --------------- --------
  Age, mean (SD), y                                                                     81.8 (8.3)          81.9 (8.3)                                            81.8 (8.1)   81.8 (8.3)    82.3 (8.3)    81.4 (8.2)      \<.001
  Male sex                                                                              20 407 (27.8)       9825 (27.0)                                           355 (35.1)   1915 (27.6)   3261 (27.6)   5051 (29.3)     \<.001
  Race/ethnicity                                                                                                                                                                                                           
  White                                                                                 60 592 (82.5)       29 540 (81.0)                                         884 (87.4)   5711 (82.2)   9821 (83.2)   14 636 (84.9)   \<.001
  Black                                                                                 7626 (10.4)         4172 (11.4)                                           82 (8.1)     658 (9.5)     1104 (9.4)    1610 (9.3)      
  Hispanic                                                                              2780 (3.8)          1433 (3.9)                                            27 (2.7)     271 (3.9)     500 (4.2)     549 (3.2)       
  Other                                                                                 2477 (3.4)          1318 (3.6)                                            18 (1.8)     310 (4.5)     384 (3.3)     447 (2.6)       
  Disabled                                                                              2065 (2.8)          1007 (2.8)                                            25 (2.5)     183 (2.6)     325 (2.8)     525 (3.0)       .27
  History of SNF admission                                                              19 744 (26.9)       9676 (26.5)                                           205 (20.3)   1966 (28.3)   3235 (27.4)   4662 (27.0)     \<.001
  History of selected cardiovascular events[^b^](#zoi190021t1n2){ref-type="table-fn"}                                                                                                                                      
  Atrioventricular block                                                                691 (0.9)           344 (0.9)                                             6 (0.6)      72 (1.0)      122 (1.0)     147 (0.9)       .34
  Acute myocardial infarction                                                           1954 (2.7)          1054 (2.9)                                            23 (2.3)     180 (2.6)     300 (2.5)     397 (2.3)       .002
  Bradycardia                                                                           4934 (6.7)          2442 (6.7)                                            68 (6.7)     461 (6.6)     835 (7.1)     1128 (6.5)      .51
  QT interval prolongation                                                              43 (0.1)            27 (0.1)                                              0            1 (0.01)      7 (0.1)       8 (0.1)         .30
  Syncope                                                                               9249 (12.6)         4593 (12.6)                                           104 (10.3)   899 (12.9)    1538 (13.0)   2115 (12.3)     .06
  Ventricular tachycardia                                                               807 (1.1)           430 (1.2)                                             15 (1.5)     86 (1.2)      118 (1.0)     158 (0.9)       .03
  CMS priority conditions[^c^](#zoi190021t1n3){ref-type="table-fn"}                                                                                                                                                        
  Acquired hypothyroidism                                                               13 672 (18.6)       6591 (18.1)                                           308 (30.5)   1428 (20.6)   2213 (18.7)   3132 (18.2)     \<.001
  Acute myocardial infarction                                                           5130 (7.0)          2638 (7.2)                                            62 (6.1)     476 (6.9)     848 (7.2)     1106 (6.4)      .007
  Anemia                                                                                33 022 (44.9)       15 887 (43.6)                                         698 (69.0)   3456 (49.7)   5360 (45.4)   7621 (44.2)     \<.001
  Asthma                                                                                6749 (9.2)          3325 (9.1)                                            149 (14.7)   754 (10.9)    1099 (9.3)    1422 (8.3)      \<.001
  Atrial fibrillation                                                                   15 792 (21.5)       8022 (22.0)                                           208 (20.6)   1569 (22.6)   2590 (21.9)   3403 (19.7)     \<.001
  Benign prostatic hyperplasia                                                          7508 (10.2)         3463 (9.5)                                            197 (19.5)   780 (11.2)    1226 (10.4)   1842 (10.7)     \<.001
  Cataract                                                                              54 960 (74.8)       27 290 (74.8)                                         792 (78.3)   5368 (77.2)   8827 (74.8)   12 683 (73.6)   \<.001
  COPD                                                                                  25 609 (34.9)       12 890 (35.4)                                         334 (33.0)   2594 (37.3)   4197 (35.5)   5594 (32.4)     \<.001
  Chronic kidney disease                                                                24 712 (33.6)       12 442 (34.1)                                         325 (32.2)   2475 (35.6)   4086 (34.6)   5384 (31.2)     \<.001
  Congestive heart failure                                                              33 409 (45.5)       16 901 (46.4)                                         418 (41.4)   3291 (47.4)   5498 (46.6)   7301 (42.3)     \<.001
  Depression                                                                            42 885 (58.4)       20 708 (56.8)                                         600 (59.4)   4227 (60.8)   7040 (59.6)   10 310 (59.8)   \<.001
  Diabetes                                                                              31 134 (42.4)       15 693 (43.0)                                         425 (42.0)   3098 (44.6)   5057 (42.8)   6861 (39.8)     \<.001
  Glaucoma                                                                              19 183 (26.1)       9607 (26.4)                                           279 (27.6)   1875 (27.0)   3127 (26.5)   4295 (24.9)     \<.001
  Hip or knee fracture                                                                  8231 (11.2)         4002 (11.0)                                           103 (10.2)   853 (12.3)    1407 (11.9)   1866 (10.8)     \<.001
  History of stroke or TIA                                                              23 985 (32.6)       11 808 (32.4)                                         336 (33.2)   2489 (35.8)   3930 (33.3)   5422 (31.5)     \<.001
  Hypertension                                                                          40 430 (55.0)       19 516 (53.5)                                         877 (86.8)   4174 (60.1)   6446 (54.6)   9417 (54.6)     \<.001
  Hyperlipidemia                                                                        36 110 (49.1)       17 477 (47.9)                                         817 (80.8)   3709 (53.4)   5748 (48.7)   8359 (48.5)     \<.001
  Ischemic heart disease                                                                47 050 (64.0)       23 619 (64.8)                                         651 (64.4)   4661 (67.1)   7606 (64.4)   10 513 (61.0)   \<.001
  Osteoporosis                                                                          30 470 (41.5)       15 188 (41.7)                                         360 (35.6)   3089 (44.5)   4982 (42.2)   6851 (39.7)     \<.001
  Rheumatoid arthritis or osteoarthritis                                                47 283 (64.4)       23 691 (65.0)                                         686 (67.9)   4655 (67.0)   7687 (65.1)   10 564 (61.3)   \<.001
  History of cancer                                                                                                                                                                                                        
  Breast                                                                                4508 (6.1)          2269 (6.2)                                            64 (6.3)     436 (6.3)     745 (6.3)     994 (5.8)       .24
  Colorectal                                                                            2590 (3.5)          1275 (3.5)                                            35 (3.5)     264 (3.8)     449 (3.8)     567 (3.3)       .13
  Prostate                                                                              3499 (4.8)          1722 (4.7)                                            58 (5.7)     326 (4.7)     540 (4.6)     853 (5.0)       .34
  Lung                                                                                  1160 (1.6)          600 (1.7)                                             19 (1.9)     113 (1.6)     184 (1.6)     244 (1.4)       .33
  Endometrial                                                                           639 (0.9)           315 (0.9)                                             7 (0.7)      77 (1.1)      103 (0.9)     137 (0.8)       .19

Abbreviations: CMS, Centers for Medicare & Medicaid Services; COPD, chronic obstructive pulmonary disease; SNF, skilled nursing facility; TIA, transient ischemic attack.

To test the existence of any significant difference across all treatment groups (ie, donepezil, galantamine, rivastigmine, memantine, and combination therapy).

Variables for history of cardiovascular events were defined using the *International Classification of Diseases, Ninth Revision* codes listed in the Outcomes subsection of the Methods section and the claims in the year before the index date.

All CMS priority chronic conditions were defined using the CMS Chronic Conditions Data Warehouse definitions of these conditions, which track the first diagnosis back to January 1999.^[@zoi190021r29]^

Unadjusted Incidence of SNF Admissions and Cardiovascular Events {#H2-6-ZOI190021}
----------------------------------------------------------------

[Table 2](#zoi190021t2){ref-type="table"} shows the number of outcome events across treatment groups. A total of 25.5% of the participants initiating AChEI monotherapy, 25.6% of those initiating memantine monotherapy, and 29.7% of those initiating combination AChEI and memantine were admitted to an SNF. Similarly, 22.2% of the participants initiating AChEI monotherapy, 20.0% of those initiating memantine monotherapy, and 24.5% of those initiating combination AChEI and memantine experienced at least 1 cardiovascular event. eTable 1 in the [Supplement](#note-ZOI190021-1-s){ref-type="supplementary-material"} shows the unadjusted incidence rates at years 1, 2, and 3 obtained from Kaplan-Meier curves. There were no differences in the unadjusted incidence of SNF admission across treatment groups. For instance, at year 1 of follow-up, the unadjusted incidence of SNF admission was 0.209 (95% CI, 0.204-0.214) for patients receiving donepezil, 0.189 (95% CI, 0.161-0.217) for patients receiving galantamine, 0.213 (95% CI, 0.201-0.224) for patients receiving rivastigmine, 0.220 (95% CI, 0.212-0.229) for patients receiving memantine, and 0.204 (95% CI, 0.197-0.211) for patients receiving combination therapy. At year 1 of follow-up, the unadjusted incidence of any adverse cardiovascular event was lower for memantine (0.18; 95% CI, 0.17-0.18) and combination therapy (0.18; 95% CI, 0.17-0.18) than for donepezil monotherapy (0.19; 95% CI, 0.19-0.20).

###### Data on Number and Frequency of Outcome Events by Treatment Group

  Event                                No. of Events (%)   *P* Value                                              
  ------------------------------------ ------------------- ------------ ------------- ------------- ------------- --------
  Skilled nursing facility admission   9476 (26.0)         234 (23.2)   1609 (23.2)   3022 (25.6)   5112 (29.7)   \<.001
  Any cardiovascular adverse event     8268 (22.7)         223 (22.1)   1352 (19.5)   2365 (20.0)   4215 (24.5)   \<.001
  Acute myocardial infarction          1509 (4.1)          33 (3.3)     255 (3.7)     442 (3.7)     665 (3.9)     .01
  Atrioventricular block               450 (1.2)           6 (0.6)      64 (0.9)      119 (1.0)     174 (1.0)     .01
  Bradycardia                          3325 (9.1)          93 (9.2)     503 (7.2)     885 (7.5)     1697 (9.8)    \<.001
  QT interval prolongation             41 (0.1)            2 (0.2)      1 (0.01)      16 (0.1)      19 (0.1)      .12
  Syncope                              4715 (12.9)         130 (12.9)   750 (10.8)    1306 (11.1)   2514 (14.6)   \<.001
  Ventricular tachycardia              479 (1.3)           14 (1.4)     93 (1.3)      144 (1.2)     215 (1.3)     .90

Adjusted Hazard Ratios of SNF Admissions and Cardiovascular Events {#H2-7-ZOI190021}
------------------------------------------------------------------

### Comparison Between AChEI Monotherapy, Memantine Monotherapy, and Combination Therapy {#H3-1-ZOI190021}

[Figure 2](#zoi190021f2){ref-type="fig"} shows the adjusted hazard ratios (aHRs) for primary outcomes for the 3 pairwise comparisons between AChEI monotherapy, memantine monotherapy, and combination therapy^[@zoi190021r29]^; eTable 2 in the [Supplement](#note-ZOI190021-1-s){ref-type="supplementary-material"} shows the aHRs for secondary outcomes. Time to SNF admission did not differ between treatment groups ([Figure 2](#zoi190021f2){ref-type="fig"}).^[@zoi190021r29]^ Acetylcholinesterase inhibitor monotherapy and combination therapy were both associated with a higher risk of any cardiovascular event compared with memantine monotherapy. Specifically, the aHR for any cardiovascular event was 1.07 (95% CI, 1.02-1.12) for the AChEI monotherapy group and 1.07 (95% CI, 1.01-1.12) for the combination therapy group, both relative to the memantine monotherapy group. The risk of any cardiovascular event did not differ between the combination therapy and AChEI monotherapy groups (aHR, 0.99; 95% CI, 0.96-1.03).

![Adjusted Hazard Ratios (HRs) for Primary Outcomes for the Comparison Between Acetylcholinesterase Inhibitor (AChEI) Monotherapy, Memantine Monotherapy, and Combination Therapy\
The comparator group is the first item and the reference group is the second item. Adjusted HRs were obtained from Cox proportional hazards regression models that controlled for age, sex, race/ethnicity, disability, history of acute myocardial infarction, history of bradycardia, history of syncope, history of atrioventricular block, history of QT interval prolongation, history of ventricular tachycardia, and each of 25 Centers for Medicare & Medicaid Services priority conditions (all 27 Centers for Medicare & Medicaid Services priority conditions except for Alzheimer disease and Alzheimer disease or other dementia).^[@zoi190021r29]^\
^a^Bonferroni-corrected *P* \< .016.](jamanetwopen-2-e190213-g002){#zoi190021f2}

The observed differences for the composite outcome of any cardiovascular event were mostly driven by differences in the outcomes of bradycardia and syncope (eTable 2 in the [Supplement](#note-ZOI190021-1-s){ref-type="supplementary-material"}). In particular, the memantine monotherapy group was associated with a lower risk of bradycardia and syncope relative to both AChEI monotherapy (bradycardia: aHR, 0.88; 95% CI, 0.82-0.95; and syncope: aHR, 0.92; 95% CI, 0.86-0.97) and combination therapy (bradycardia: aHR, 0.89; 95% CI, 0.82-0.97; and syncope: aHR, 0.87; 95% CI, 0.83-0.94). The risk of other cardiovascular events, including AMI, atrioventricular block, QT interval prolongation, and ventricular tachycardia, did not differ between AChEI monotherapy and memantine monotherapy, and between combination therapy and memantine monotherapy.

### Multiple Comparisons Between 5 Treatment Groups {#H3-2-ZOI190021}

[Figure 3](#zoi190021f3){ref-type="fig"} shows the aHRs for primary outcomes for the 10 pairwise comparisons between 5 treatment groups^[@zoi190021r29]^; eTable 3 in the [Supplement](#note-ZOI190021-1-s){ref-type="supplementary-material"} shows the aHRs for secondary outcomes. Again, the risk of SNF admission did not differ among treatment groups ([Figure 3](#zoi190021f3){ref-type="fig"}).^[@zoi190021r29]^ After the application of Bonferroni correction, the only statistically significant difference for the primary outcome of any cardiovascular event was for the comparison between the memantine monotherapy and donepezil monotherapy treatment groups. Specifically, the aHR for any cardiovascular event was 0.93 (95% CI, 0.89-0.97) for memantine compared with donepezil. The differences observed in the incidence of any cardiovascular events between the donepezil and memantine monotherapy groups were again driven by the outcomes of bradycardia and syncope; memantine monotherapy had a decreased risk of bradycardia (aHR, 0.87; 95% CI, 0.81-0.94) and syncope (aHR, 0.91; 95% CI, 0.85-0.96) compared with donepezil (eTable 3 in the [Supplement](#note-ZOI190021-1-s){ref-type="supplementary-material"}).

![Adjusted Hazard Ratios (HRs) for Primary Outcomes, by Treatment Groups\
The comparator group is the first item and the reference group is the second item. Adjusted HRs were obtained from Cox proportional hazards regression models that controlled for age, sex, race/ethnicity, disability, history of acute myocardial infarction, history of bradycardia, history of syncope, history of atrioventricular block, history of QT interval prolongation, history of ventricular tachycardia, and each of 25 Centers for Medicare & Medicaid Services priority conditions (all 27 Centers for Medicare & Medicaid Services priority conditions except for Alzheimer disease and Alzheimer disease or other dementia).^[@zoi190021r29]^\
^a^*P* \< .05.\
^b^Bonferroni-corrected *P* \< .005.](jamanetwopen-2-e190213-g003){#zoi190021f3}

Discussion {#H1-4-ZOI190021}
==========

To our knowledge, this study is the first to compare time to SNF admission and time to occurrence of adverse cardiovascular events across all therapeutic strategies currently available to treat AD. Our study yielded 3 main findings. First, we found that time to SNF admission did not differ across treatment groups. Second, the aHR of any cardiovascular event was 7% lower for memantine monotherapy relative to both AChEI monotherapy and combination therapy. This result was driven mainly by the lower risk of bradycardia and syncope observed for the memantine monotherapy group. Third, when we compared the occurrence of cardiovascular events across the 5 treatment groups defined by the antidementia treatment initiated, we observed that memantine monotherapy was associated with a lower risk than donepezil monotherapy of any cardiovascular event, bradycardia, and syncope.

We are aware of only 1 previous observational study that compared time to SNF admission across the different antidementia therapies in real-world practice. Lopez et al^[@zoi190021r32]^ used 1997-2004 data from a cohort of 429 patients with AD enrolled in a US registry and found that combination therapy with an AChEI and memantine was associated with a reduced risk of SNF admission compared with AChEI monotherapy. Secondary and post hoc analyses of the DOMINO-AD (Donepezil and Memantine in Moderate to Severe Alzheimer's Disease) trial,^[@zoi190021r33]^ originally conducted between 2008 and 2010 to compare the effectiveness of placebo, donepezil monotherapy, memantine monotherapy, and combination therapy with donepezil and memantine in patients with AD transitioning from a moderate to a severe stage, did not find significant differences in time to SNF admission. Consistent with that study, our findings suggest that there are no significant differences in time to SNF admission across different antidementia treatment groups. A potential explanation for differences in the results between the study by Lopez et al,^[@zoi190021r32]^ the DOMINO-AD trial,^[@zoi190021r33]^ and our study may be the years captured by each study. The DOMINO-AD trial (2008-2010)^[@zoi190021r33]^ and our study (2007-2014) used more recent data than did Lopez et al (1997-2004),^[@zoi190021r32]^ and nonpharmacologic patterns of care may have changed over time. Specially, multiple alternatives to nursing homes have emerged in recent years, such as in-home health care services, adult day centers, or retirement residences, which try to keep patients with AD in the community instead of in nursing homes.^[@zoi190021r34]^

Using data from a Danish registry and from Medicare, Fosbøl et al^[@zoi190021r27]^ found that the risk of AMI, heart failure, and syncope or atrioventricular block did not differ across AChEI monotherapies (donepezil, galantamine, and rivastigmine). These results are consistent with our observations. In addition, Fosbøl et al^[@zoi190021r27]^ observed a higher risk of AMI and cardiac death with memantine monotherapy in the Danish cohort but not in the Medicare cohort. Our results are consistent with these findings because we did not find differences in the risk of AMI across treatment groups.

Our study has important clinical implications. We found that both AChEI monotherapy and combination therapy with an AChEI and memantine are associated with a 7% higher aHR of any cardiovascular events compared with memantine monotherapy. This higher risk was driven mostly by a higher risk of bradycardia and syncope, which are not as severe or life threatening as other cardiovascular events assessed in this study. Thus, the clinical significance of this increased risk remains uncertain. Future studies should assess clinical, functional, and utilization outcomes of patients with AD who are experiencing bradycardia or syncope to clarify the clinical significance of our observations. In addition, further research should validate these findings in other cohorts of patients, using data that better capture cognitive, behavioral, and psychological function. Leveraging this type of data would enable comparisons of the risk of outcomes between treated and nontreated patients, which would further establish the role of antidementia therapies in the delay of cognitive impairment associated with AD. If differences in the occurrence of cardiovascular events were confirmed, clinicians may start evaluating cardiovascular safety profiles of the different antidementia medications before prescribing a treatment for their patients. Until then, new longitudinal studies that compare the effectiveness and safety outcomes of real-world patients with AD using databases containing information on the stage of the disease, and cognitive, behavioral, and psychological assessment data are needed.

Limitations {#H2-8-ZOI190021}
-----------

Our study is subject to the following main limitations. First, the study may be subject to selection bias owing to unobserved patient characteristics that are not commonly captured in Medicare claims, such as cognitive, functional, or neuropsychological assessment. Second, the mean (SD) follow-up period in our sample was short (1.5 \[1.2\] years); however, it is comparable to other prior observational studies.^[@zoi190021r27],[@zoi190021r30]^ We could extend the follow-up period by relaxing our censoring criteria. Notwithstanding, we believe that these strict censoring criteria---which censor patients after a discontinuation or switch of the original treatment---strengthen our study by ensuring a clear attribution of outcome events to the treatment originally initiated after diagnosis of AD. Third, unfortunately, there is no evidence on the sensitivity and specificity of the use of claims data and *ICD-9* codes in the identification of some of the cardiovascular event outcomes included in our study. Potential low sensitivity and specificity would lead to misclassification of the outcome. However, this misclassification would likely be across all groups and should therefore not affect the internal validity of the study. Also, we did not restrict the number of days between diagnosis of AD and first antidementia medication prescription, which may have led to potential selection bias because differences in time to treatment initiation after diagnosis of AD could reflect different degrees of cognitive decline across groups.

Conclusions {#H1-5-ZOI190021}
===========

We found no differences in time to SNF admission across all antidementia medications available for the treatment of AD. However, memantine was associated with a lower risk of cardiovascular events compared with both AChEI monotherapy and combination therapy with an AChEI and memantine.
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**eTable 1.** Unadjusted Cumulative Incidence of Outcome Events by Treatment Group

**eTable 2.** Adjusted Hazard Ratios for Secondary Outcomes for the Comparison between Acetylcholinesterase Inhibitor Monotherapy, Memantine Monotherapy, and Combination Therapy

**eTable 3.** Adjusted Hazard Ratios for Secondary Outcome by Treatment Group
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Click here for additional data file.
